A more effective method of isolating infectious ribonucleic acid (RNA) from influenza virus was evaluated based on the enzymatic disintegration of the viral coat by Pronase, followed by phenol-detergent extraction of the RNA from susceptible and from resistant cells.
To improve the method of isolating infectious nucleic acid from medium-sized viruses, we investigated the possibility of using biological disintegration of the viral coat as one of the stages in extracting ribonucleic acid (RNA) from influenza virus. As the disintegrating agent, we used Pronase, a complex of proteolytic enzymes of Streptomyces griseus. Brief action of Pronase damaged the outer coat of the virion without affecting the inner nucleocapsid. A new and more effective means of isolating infectious RNA from influenza virus was developed, based on the phenol-detergent method. The proposed modification consisted of use of a cycle of enzymatic disintegration of the viral coat, which increased the regularity of isolation of infectious RNA from influenza virus to 80%.
RNA of influenza was found capable of inducing the infectious process not only in susceptible cells but also in those resistant to intact virus.
Diethylaminoethyl (DEAE)-dextran was found to have no stabilizing effect on the infectious properties of influenza virus RNA, demonstrating definite differences between structures of myxoviruses and smaller RNA viruses.
Methods of isolating infectious nucleic acid from influenza virus and other viruses of complex organization are characterized by low regularity of positive results (2, 6, 7, 14, 21, 24) . The difficulty in isolating infectious RNA of sufficient activity from influenza virus more regularly is evidently related to the very high lability of this molecule and to damage during the process of freeing it from the densely packed subunits of the viral capsid (23) . An optimal means of isolating infectious RNA from influenza virus should maintain structural integrity of the RNA molecule while providing radical deproteinization of the virus particle. To some extent, use of detergents to loosen the viral coat approaches a solution to this problem by diminishing hydrodynamic acactivity and simultaneously protecting the nucleic acid molecule from mechanical destruction (1, 6, 8, 10, 34) .
We studied the possibility of using hydrolytic enzymes to improve the method of isolating infectious RNA. This might approach the isolation of infectious RNA in vitro, following the conditions of its intracellular release during the process of viral infection.
It is known that complexes of proteolytic enzymes produced by bacteria (Caseinase C, Protease of Bacillus subtilis, Pronase) bring about destruction of the morphological structure of the virus particle, accompanied by changes in infectious, hemagglutinating, and enzymatic properties of myxoviruses (3, 4, 27) . The degree of changes produced depends on the conditions of interaction of virus and enzymes. Hence, by changing the conditions under which Pronase or Caseinase C acts on Newcastle disease virus, it is possible to produce different degrees of morphological degradation of the virus, from destruction of the surface fibers to uncovering the internal spiral structures (5) .
The ability of Pronase to produce disintegration of the viral envelope permitted Pfau and McCrea (15) and Sarov and Becker (20) to use it in the process of isolating deoxyribonucleic acid from vaccinia virus.
In the present study, to improve the technique of isolating infectious RNA, we used the action on influenza virus of Pronase, which is a complex of more than 11 proteolytic enzymes (25 (10) and CEK cultures by the method of Lippelt and Mannweiler (12) .
Biological properties of influenza viruses. Infectious activity of viruses was determined by serial tirations with 10-fold dilutions of virus in developing 11-or 12-day chick embryo. Hemagglutinating activity of virus was determined by serial twofold dilutions of virus with 1% suspension of chicken erythrocytes.
Antigenic properties of virus synthesis on the basis of isolated RNA. Antigenic properties of virus synthesis were studied by the hemagglutination inhibition reaction with two agglutinating units of the virus studied and a collection of purified sera for influenza virus types AO, A1, A2, and B produced by the Leningrad Research Institute of Vaccines and Sera.
Infectious RNA of influenz virus. The isolation of RNA and study of its infectious properties were performed as previously described (6, 8) . Modifications of these methods employed in the present work are reported in the results section.
Pronase. We used a complex of proteolytic enzymes isolated from S. griseus and produced by Serva, Sweden; optimum pH was 7 to 8. Pronase solutions were prepared in concentrations of 100 to 300 pg of enzyme per ml of 0.01 M phosphate buffer, pH 7.2.
Ribonuclease. We used a commercial preparation of ribonuclease from Reanal, Hungary, with an activity of at least 1,900 units per mg. Final concentration of ribonuclease was 10 ,g per ml. Determinations of ribonuclease activity were performed by the method of Shortman (22) . RESULTS For isolation of viral RNA, the phenoldetergent method was used (6, 23) . We proposed using preliminary enzymatic treatment of the viral suspension with Pronase to increase the regularity of isolating infectious RNA from influenza virus. We reasoned that disruption of the integrity of the protein coat of the virus with enzymes would facilitate the release of RNA from the viral capsid and minimize its degradation in the process of isolation.
In the experiments on the isolation of RNA from influenza viruses Ao-32 and Ao-WSN, a 20-min exposure of virus to 300 ,ug of Pronase per ml was used. Under these conditions, the infectivity of strain WSN significantly decreased, whereas strain 32 kept its original infectivity. Hemagglutinating activity of both strains increased four to eight times in comparison with virus not treated with Pronase.
The plan of isolation of RNA from influenza virus Ao was as follows. (ii) The virus was adsorbed with triethylaminoethyl (TEAE)-cellulose at 0.1 g of adsorbent per 100 ml of virus-containing allantoic fluid. After 90 min of constant shaking, the complex of TEAE-cellulose plus virus which formed was sedimented for 20 min at 1,000 x g.
(iii) The sediment was incubated with Pronase (300 ,ug/ml) for 20 min at 37 C.
(iv) The Pronase-treated complex of TEAEcellulose plus virus was extracted with phenoldetergent mixture (water-sautrated phenol with sodium dodecyl sulfate in a final concentration of 0.5%) in the presence of 16% ethanol. The mixture was carefully mixed for 5 min and centrifuged for 10 min at 2,000 X g. Extraction was repeated twice.
(v) RNA was precipitated from the aqueous phase with a two-to threefold volume of 96% ethanol for 4 hr.
(vi) The RNA precipitate obtained by centrifugation at 3,000 X g for 30 min was dissolved in a minimal volume of 0.15 M NaCl and reprecipitated with ethanol.
(vii) The reprecipitated RNA was dissolved in 2 to 4 ml of physiological phosphate buffer (pH 7.2) or in 1 M NaCl.
(viii) All procedures indicated (except three) were performed in the cold (+4 C).
The RNA preparation obtained had ultraviolet absorption spectra typical of nucleic acid with maximum absorption at wavelengths of 260 to 264 nm. (Table 2) , the synthesis of which was induced by RNA, confirm the infectious properties of RNA isolated from influenza virus. 
DISCUSSION
The pecularities of the structure of influenza virus RNA (9, 17) , packed inside dense coats, make it difficult to isolate in its native state.
To isolate influenza virus RNA while preserving its infectious properties, we successfully used preliminary disruption of the viral coat with a complex of proteolytic enzymes contained in Pronase. Introduction of biological disruption of the viral coat into the process of isolating influenza virus RNA permitted hydrodynamic action of the RNA molecule to be reduced. Regularity of isolation of RNA having infectious activity increased to 85%, compared with 40% obtained previously by using the phenol-detergent method (6, 7) . The necessity of performing additional passages for the restoration of hemagglutinating activity of influenza virus induced by infectious RNA is well explained by the schema, proposed by Scholtissek and Rott (21), for the arrangement of different cistrons in the influenza RNA molecule. Their data showed the cistron responsible for synthesis of viral hemagglutinins to be the most easily damaged.
Attempts to stabilize the infectious properties of influenza virus RNA with DEAE-dextran were not successful. It is possible that the infectivity of the nucleic acid molecule of myxoviruses depends not so much of its polymerization, stabilized by DEAE-dextran, as on preservation of its quaternary structure in the native state (17 
